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ABSTRACT 
 
Nowadays, it is consensual that the biggest degradation of concrete happens from 
outside to inside actions, due to the penetration of moisture, active gases and aggressive ions, 
by mechanical, physical and chemical causes that frequently act together. A low porosity, 
permeability and concrete penetration to moisture and gases are the first lines of defence 
against several deterioration mechanisms. The durability of concrete depends largely on how 
hard or easy fluids (water, carbon dioxide, oxygen) in liquid or gas form can migrate through 
the concrete hardened mass. When selecting the paint coating for concrete protection, 
importance is given to the properties of diffusion and permeability resistance, besides the 
properties of durability and chemical resistance. The paint coatings must stop the penetration 
of water and delay the influence of aggressive agents (CO2, SO2, Cl- ions), allowing the 
structure to breathe by a water vapour diffusion mechanism. Through tests of capillarity 
absorption, immersion absorption, porosity, water and oxygen permeability, a comparison 
was made between painted and non painted concrete specimens. Three different coating types 
were tested: silicon varnish; acrylic and epoxy paints. The results showed that, in general, all 
coatings reduce the porosity and the permeability. The epoxy paints proved to be the best 
ones. 
1. INTRODUCTION 
Concrete can be a highly durable construction material as long as care and quality 
control are enforced at all stages of the design, production and construction processes. 
However, experience has demonstrated that its potential long-term durability is not always 
achieved, leading to early failure of reinforced concrete structures (Rodrigues, 2000). It 
should be recognized that concrete is intrinsically a porous material, despite the improvements 
on its formulation and quality control to the best possible extent, it is not possible to prevent 
completely the ingress of potentially harmful agents into it. Micro-cracks and macro-pores 
will always exist on the concrete surface, providing a path for the transportation of aggressive 
ions into the interior of concrete (Swamy, 1998).  
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It is now accepted that the durability of the reinforced concrete depends mainly on the 
composition and properties of the concrete surface layer (Kreijger, 1984). This layer, 
sometimes with a thickness close to the cover of the reinforcement, is most of the times the 
only responsible for the corrosion protection of the reinforcement. Surface treatments act as a 
barrier between the environment and the concrete. They prevent or retard the entry of harmful 
substances such as water, chlorides, etc. (Pfeifer, 1981). Surface coatings with appropriate 
“barrier” characteristics can cut off the transportation path into concrete. The standard EN 
1504-2, establishes as a minimum requirement for the coated concrete ingress that the water 
permeability coefficient should not exceed 0.1 kgm-2h-0.5 and the CO2 permeability should 
exceed 50 m. 
Swamy and Tanikawa (1990) evaluated the effect of concrete coatings to preserve 
concrete durability and concluded that the application of an impervious surface coating to 
concrete is a very attractive solution to protect new and existing concrete structures.  
Water is the most critical agent because it lies on the root of many important 
degradation processes: it is related to freeze-thaw durability, it provides the transport path for 
chloride ions and establishes electrolytic continuity inside concrete. Besides, in order that the 
carbonation reaction can take place, the presence of a certain amount of water is required 
(Duval, 1992).     
This work intends to contribute to a better understanding of this issue, by presenting 
data of water and gas permeability of several coatings used to protect concrete. The effect of 
organic coatings on water and chloride transport in reinforced concrete was studied by 
Fluckiger et al (1990). They concluded that the concrete coatings strongly reduced the water 
and chloride uptake in concrete. 
Concrete coatings have the unique advantage that they can be applied to protect either 
the existing or the new structures. However, with a wide range of coatings available in the 
market, it becomes extremely difficult to choose the right type of coating, since coatings of 
similar generic types are known to possess considerably different diffusion characteristics 
(Hawkins, 1985).   
The performance of the available generic types under varying service conditions needs 
to be studied. There is also a need to develop performance criteria for evaluation of concrete 
coatings guidelines for the selection of coatings appropriate for various exposure conditions 
(Almusallam, 2002). 
2. EXPERIMENTAL PROGRAM 
2.1. Materials 
To evaluate the influence of cement, two types of cement were used: Portland Type I 
42.5R and Type IV/A (V) 32.5R. Crushed granite with a density of 2566 kg/m3, water 
absorption of 2.1% and a maximum size of 9.53 mm was used as a coarse aggregate, while 
crushed sand with a density of 2477 kg/m3 and water absorption of 1.36 % was used as a fine 
aggregate in the preparation of concrete specimens. 
Concrete coatings were selected to represent the following three generic types: 
 
i. Silicone varnish (S); 
ii. Acrylic coatings (A); 
iii. Epoxy resin coatings (E). 
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Each generic type was represented by two coatings from different manufacturers. 
Table 1 shows the properties of the selected concrete coatings. All coatings were applied on 
the substrate by brush following the recommendations of the manufacturers and after a good 
drying of the specimen. 
2.2. Preparation of specimens  
Cylinder concrete specimens 110 mm in diameter and 230 mm in eight (ø110 x 230) 
were cast to evaluate the absorption by capillarity of the selected concrete coatings. Cubic 
concrete specimens 100x100x100 mm3 were cast to evaluate the absorption by immersion of 
the selected concrete coatings. Disk concrete specimens 50 mm in diameter and 40 mm in 
thickness (ø50 x 40) were cast to evaluate the permeability to oxygen, the permeability to 
water and the porosity of the selected concrete coatings. 
The concrete specimens were proportioned for an effective water-to-cementitious 
materials ratio of 0.60 and a cement content of 320 kg/m3.  
Table 1 – Description of the selected coating 
Coating 
type Generic type 
Coverage rate 
m2/dm3 
Specific weight 
Kg/dm3 
Silicone, SA Siloxane resin-based water repellent 2.8 0.83 
Silicone, SB Siloxane resin-based water repellent 4.0 0.80 
Acrylic, AA Water-based acrylic resin 3.5 1.40 
Acrylic, AB Water-based acrylic resin 5.0 1.30 
Epoxy, EA Two-component epoxy resin 2.2 1.30 
Epoxy, EB Two-component epoxy resin 4.0 1.60 
2.3. Test procedures for evaluation of concrete coatings 
The selected concrete coatings were applied to concrete. The coverage rate is shown in 
Table 1. The purpose of the tests performed in laboratory was the evaluation of the “barrier” 
properties of the coatings against water and gases, by determining their absorption by 
capillarity and immersion, porosity and permeability to water and oxygen.  
2.3.1. Absorption by capillarity 
The selected concrete coatings were applied on one face of the cylindrical concrete 
specimens measuring ø110 x 230 after drying. A rapid set epoxy resin coating with 20 mm 
was painted in the curved surfaces of the concrete specimens to ensure the absorption by 
capillarity. One week later, the specimens were then placed in a tank with 5±1mm height of 
water and weighted in time intervals outlined in LNEC E393 (1993), which is based on the 
RILEM CPC11.2 (1974) draft recommendation. Dividing the increase of mass by the area in 
contact with the water, we can obtain the absorption of water by capillarity, in each interval.      
 ( )
A
MM
Kc iM 0
−=                                                            (1) 
 
KcM – absorption of water by capillarity (g/mm2); 
Mi – specimen mass in time ti (g); 
M0 – specimen initial mass (g); 
A – specimen inferior surface area (mm2). 
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  2.3.2. Absorption by immersion 
After painting all the faces of the concrete specimens measuring 100x100x100 mm3 
with the selected concrete coatings, they were placed in a tank filled with water in a room 
with a controlled environment. Before the beginning of the test at least one week should pass 
to ensure a good cure of the coatings. When the specimens mass becomes stable, following 
the procedure outlined in LNEC E394 (1993), they were weighted. Then the specimens were 
placed in an oven at a temperature of 105±5 ºC, until the mass becomes constant, after that 
they were weighted again. The absorption of water by immersion at atmospheric pressure was 
calculated using the following equation: 
 
100
21
31 ×−
−=
mm
mmAiM                            (2)  
 
AiM – absorption of water by immersion (%); 
m1 – saturated specimen mass (g); 
m2 – specimen hydrostatic mass after saturation (g); 
m3 – dry specimen mass (g). 
2.3.3. Porosity 
After painting all the faces of the concrete cylindrical specimens ø50x40 with the 
selected concrete coatings, they were placed in an excicator, respecting the cure time. After 
keeping the specimens in vacuum state during 3 hours, the specimens were immersed in 
distilled water and kept in vacuum state for another 3 hours, following LNEC E395 (1993).   
The porosity was calculated using the following equation: 
 
100
31
21 ×−
−=
mm
mmPAM                                      (3) 
 
PAM – porosity (%); 
m1 – specimen saturated mass (g); 
m2 – specimen dry mass (g); 
m3 – specimen immerse mass (g). 
2.3.4. Permeability to oxygen 
After porosity test, the cylindrical specimens ø50x40 were subjected to permeability to 
oxygen test using the apparatus developed at Leeds University (Cabrera, 1999). This device 
(Figure 1) ensures that the specimen is subjected to a steady state flow of the fluid that passes 
through the sample under a given pressure during a certain period of time. The specimens 
were inserted under pressure in a rubber ring and then inside the test cell, which was closed 
with a torque wrench. Then all the valves were closed and the oxygen-holder was open. The 
test pressure was selected in a way that time of the soap-bubble route for a distance of 10 cm 
would be greater than 45 seconds after 30 minutes of test. The permeability to oxygen was 
calculated using the following equation: 
 
)1(
1004,4
2
1
16
−×
×××=
−
PA
LvKGM                             (4) 
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KGM – permeability to oxygen (1E-16 m2); 
v – determinated flow, pipette reading (cm3/s); 
A – cross-sectional area of the specimen (m2); 
L – specimen height (m); 
P1 – test pressure (bar). 
 
 
Figure 1 – Permeability device 
2.3.5. Permeability to water 
The same specimens used in the porosity test were afterwards subjected to oxygen 
permeability and then to water permeability test. The apparatus developed at Leeds University 
were also used. The test procedure is similar to the described oxygen permeability test except 
that after the closing of the test cell, an alcohol, water and fenolftalein solution was introduced 
in the valve of the cell. Then, all the valves were closed and the oxygen-holder was open. The 
test pressure was selected and after 3 hours the test was finished. The specimen was then 
broken in half and the penetration of the solution was measured. The permeability to water 
was calculated using the following equation: 
 
7
2
103.1
2
−××××
×=
th
d
K pWM
δ                              (5) 
 
KWM – permeability to water (1E-16m2); 
dp – penetration depth (m); 
δ – specimen porosity; 
t – time to reach dp depth (s); 
h – height of water (H2Om); 1 bar = 10.207 H2Om. 
3. EXPERIMENTAL RESULTS AND DISCUSSION 
3.1. Water absorption by capillarity 
In Figure 2 one can observe the obtained capillary water absorption tests results. This 
figure shows that the use of the selected coatings decreases the absorption by capillarity, 
specially the silicone varnish and the epoxy resin. In the case of the silicone varnish the 
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results were surprisingly good, reducing the absorption in 99.2% to the uncoated conventional 
cement specimens and 99.6% to the uncoated specimens with Type IV cement, which had the 
worst result of all, due to a bigger porosity. The two products seem to be very similar and to 
have the same behaviour. 
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Figure 2 – Water absorption by capillarity in the coated and uncoated specimens 
Concerning the acrylic paints, they had the worst performance of all the selected 
coatings. They had a good start, absorbing even less than the silicone varnish in the first 30 
minutes, but then they never stop to increase. Nevertheless, the best product reduced the 
absorption in 53.0% to the uncoated conventional cement specimens and 76.0% to the 
uncoated Type IV cement specimens. The two products seem to be very similar, having 
product B a bigger absorption in the first two hours.   
The epoxy paints had the best results next to the silicones varnishes, although the two 
products had the same behaviour. In the 24 hour interval measures, the two products had the 
same behaviour, but with less intensity than before and always with bigger absorption of the 
product A. The use of the best epoxy paint allowed a reduction in the absorption by capillarity 
of 93.6% to the uncoated conventional cement specimens and 96.7% to the uncoated Type IV 
cement specimens. 
3.2. Water absorption by immersion 
Figure 3 shows that the use of the selected coatings diminishes the absorption by 
immersion, specially the epoxy resins. The best epoxy resin reduced the absorption of water 
by immersion in 80.3% to the uncoated conventional cement specimens and 80.1% to the 
uncoated Type IV cement. Product B proved to be better than product A. 
The acrylic resins had a similar behaviour, with a slight advantage of product B, 
reducing the absorption by immersion in 29.7% to the uncoated conventional cement 
specimens and in 28.9% to the uncoated Type IV cement specimens.  
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The varnishes of silicone didn’t improve significantly the specimen’s behaviour. The 
best product only reduces 6.8%, showing that this coating isn’t appropriate to protect concrete 
against this type of water absorption. 
Between the uncoated specimens with conventional cement and Type IV cement, one 
couldn’t see significant differences, showing that the Type IV cement is not an improved 
choice to reduce the water absorption by immersion in concrete. 
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Figure 3 – Water absorption by capillarity in the coated and uncoated specimens 
3.3. Porosity 
By observing Figure 4, we can conclude that the use of the selected coatings decreases 
the porosity, specially the epoxy resins. The specimens painted with the best epoxy resin 
(product B) had 96.6% less porosity than the uncoated specimens with conventional cement 
and 96.8% less than the uncoated specimens with Type IV cement. 
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Figure 4 – Porosity in the coated and uncoated specimens 
The acrylic resins and the silicone varnishes had a very similar performance. The 
silicone varnish B behaved even better than the two acrylic resins and the silicone varnish A 
was better than the acrylic resin A, which was a surprise. This excellent behaviour of the 
silicone varnishes can be explained by its hydrophobic impregnation responsible by the pores 
and capillaries internal coating.    
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The acrylic resin B allowed a reduction of the porosity in 71.1% to the uncoated 
specimens with conventional cement and 73.1% to the uncoated specimens with Type IV 
cement.        
The specimens coated with varnish silicone B had less 80.0% porosity then the 
uncoated specimens with conventional cement and less 81.4% than the uncoated specimens 
with Type IV cement. The uncoated specimens with Type IV cement had 6.8% more porosity 
than the uncoated specimens with conventional cement, although they had the same cement 
content and the same water-to-cementitious materials ratio and addictions. 
3.4. Oxygen permeability  
From Figure 5 we can conclude that the use of the selected coatings decreases the 
permeability to the oxygen, specially the epoxy and acrylic resins. 
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Figure 5 – Oxygen permeability in the coated and uncoated specimens 
In the epoxy resins product B had by far the best performance, reducing the 
permeability to oxygen in 99.7% to the uncoated specimens with conventional cement and 
99.8% to the uncoated specimens with Type IV cement. Surprisingly product A had a bigger 
permeability than the one of the acrylic resins. In the test were used pressures of 9.5 bar for 
product B and 6.3 to 9.3 bar for product A, using pipettes with 2,9 mm of diameter, due to the 
low permeability of these products, specially of product B.  
The acrylic resins had the best results next to the epoxy resins, in the case of the 
acrylic resin B the behaviour was even better than the epoxy resin A. Product B allows a 
reduction of the permeability in 91.2% to the uncoated specimens with conventional cement 
and 92.2% to the uncoated specimens with Type IV cement. In the test were used pressures of 
5.8 to 6.8 bar for product B and 5.7 to 7.1 bar for product A using pipettes with 2.9 mm and 
4.8 mm of diameter. The reduction in the diameter was made to allow the measuring of the 
soap-bubble with more precision and speed. 
The varnishes of silicone had the worst behaviour, the best product (A) was only able 
to reduce the permeability in 17.0% to the uncoated specimens with conventional cement and 
27.2% to the uncoated with Type IV cement, which indicates that this product is not the most 
indicated to decrease the permeability of concrete to oxygen.  
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The uncoated specimens with Type IV cement had a permeability 12.3% bigger than 
the uncoated specimens with conventional cement, due to its bigger porosity, despite having 
the same cement content, the same water-to-cementitious materials ratio and addictions. 
3.5. Water permeability  
Figure 6 show that the use of the selected coatings decreases the permeability to water, 
specially the epoxy and acrylic resins. 
Product B of epoxy resins proved to be completely impermeable to the penetration of 
water. Product A had a very good performance reducing the permeability to water in 99.5% to 
the uncoated specimens with conventional cement and 99.7% to the uncoated specimens with 
Type IV cement. In the test were used pressures of 5.5 to 5.8 bar in product B and 5.3 to 5.6 
bar in product A. 
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Figure 6 – Water permeability in the coated and uncoated specimens 
The acrylic resins had the best performance next to the epoxy resins reducing, in the 
case of product B, the permeability in 98.5% to the uncoated specimens with conventional 
cement and 99.2% to the uncoated specimens with Type IV cement. In the test were used 
pressures of 5.2 to 5.98 bar in product B and 4.6 to 5.4 bar in product A.      
The varnishes of silicone had the worst results reducing (for product B) the 
permeability in 81.9% to the uncoated specimens with conventional cement and 89.5% to the 
uncoated specimens with Type IV cement, which indicates that this material is still effective 
protecting the concrete from water. 
The uncoated specimens with Type IV cement had a permeability 42.4% bigger than 
the uncoated specimens with conventional cement, due to its bigger porosity, despite having 
the same cement content, the same water-to-cementitious materials ratio and addictions. 
4. PERFORMANCE RANKING OF CONCRETE COATINGS 
The performance of the selected concrete coatings under the test regimes evaluated in 
this research work is summarized in Table 2. First, it was given a degree of importance to 
each test, based on the element tested, gas or water. Since the water is the main agent of 
degradation in concrete, (Li, 2000) a bigger weight (1.5) was given to the tests that study the 
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behaviour of this element in concrete: absorption by immersion, capillarity and permeability 
to water. A lower weight (1.0) was given to the other tests. Afterwards it was attributed a 
classification for every test and for each selected coating based on their performance.  
Based on the results obtained in this study the overall ranking of the performance of 
the selected coatings in the descending order of importance is as shown below:     
 
EB → EA → AB → SB → AA ,SA → CONV → IV 
 
The results obtained in this study have also indicated that there is a variation in the 
performance of coatings of similar generic types. That was shown with silicone varnishes and 
with the acrylic resins. It is, therefore, recommended that whenever a coating is selected for 
use in aggressive environments, it should be tested under conditions similar to those it will be 
exposed to during its service life. 
Table 2 – Performance ranking of selected coatings 
5. CONCLUSIONS 
The selected coatings proved to be effective protecting the concrete against the action 
of water and gas (oxygen). The silicone varnishes exhibited the lowest absorption by 
capillarity, followed by epoxy and acrylic resins. The acrylic resins were not effective in 
protecting the concrete against absorption of water by capillarity and should not be used in 
situations where this is the basic requirement. The ability of the epoxy resins to prevent the 
absorption by immersion was better than that of acrylic resins and silicone varnishes. The 
silicone varnishes were not effective reducing the absorption of water by immersion.  
The epoxy resins were highly effective in reducing the porosity of concrete, which 
was almost negligible. The epoxy resins were followed by the silicone varnish and the acrylic 
resin B. The silicone varnish and the acrylic resin A were the most porous of the selected 
coatings. Nevertheless, they reduced significantly the porosity of concrete.   
The permeability to oxygen of the epoxy resin B was negligible. It was followed by 
the acrylic resin from the same fabricant and the epoxy and acrylic resins A, all with identical 
permeability. Both silicone varnishes were ineffective in controlling the permeability of 
concrete to oxygen and should not be used in situations where this is the basic requirement.  
The permeability to water of the epoxy resins was negligible, especially product B 
which was impermeable. They were followed by the acrylic resin B whose permeability to 
water was also negligible and by the acrylic resin A with a very low permeability. Both 
Specimen 
Absorption 
by 
capillarity 
Absorption 
by 
immersion 
Porosity Permeability to oxygen 
Permeability 
to water Total 
CONV 1X1.5 2X1.5 2X1.0 2X1.0 2X1.5 11.5 
IV 2X1.5 1X1.5 1X1.0 1X1.0 1X1.5 8.0 
SA 3X1.5 7X1.5 4X1.0 4X1.0 3X1.5 27.5 
SB 4X1.5 8X1.5 6X1.0 3X1.0 4X1.5 33 
AA 5X1.5 3X1.5 3X1.0 5X1.0 5X1.5 27.5 
AB 6X1.5 4X1.5 5X1.0 7X1.0 6X1.5 36 
EA 7X1.5 5X1.5 7X.10 6X1.0 7X1.5 41.5 
EB 8X1.5 6X1.5 8X1.0 8X1.0 8X1.5 49 
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silicone varnishes were less effective in controlling the permeability of concrete to water, 
despite controlling very well the permeability of the concrete to water.  
As an overall evaluation, the performance of epoxy resins was much better than that of 
other concrete coatings studied in this research work. The acrylic resin A followed by the 
silicone varnish A proved to be very similar quality products, although with a much smaller 
performance than the epoxy resins.  
The acrylic resin and the silicone varnish B had the worst results of the selected 
coatings with the same place in the ranking. This means that the quality of the acrylic resin A 
seems to be inadequate and the quality of the silicone A is much worst than the one of product 
B.  
From the ranking we can conclude that the economic comparison between some 
products should be done. For example, between the acrylic A and the silicone varnish A with 
the same ranking and between the acrylic B and the silicone varnish B with a very close 
ranking. 
The results obtained in this study indicate that the performance of coatings varies with 
the exposure conditions. While the performance of a certain coating is better under certain 
exposure conditions, it does not perform better than others in another environment. Therefore, 
the selection of the coatings should be case specific. 
6. REFERENCES 
Almusallam, A., Khan, F. M. and Maslehuddin, M., Performance of concrete coatings 
under varying exposure conditions, Materials and Structures, vol. 35, September-October, 
487-494 (2002). 
Cabrera, J.G., Design and Production of High Performance Concrete, Proceedings of 
International Conference, Infrastructure Regeneration and Rehabilitation Improving the 
Quality of Life Through Better Construction, Sheffield, U.K., 1-14 (1999). 
Duval, R., La durabilité des armatures et du béton dénrobage in La durabilité des 
betons, cap. 6, Presses de l´École Nationale des Ponts et Chaussés, Paris (1992). 
EN 1504-2, Products and systems for the protection and repair of concrete structures. 
Definitions, requirements, quality control and evaluation of conformity. Part 2: Surface 
protection systems for concrete, CEN (2004). 
Fluckiger, D. Elsener, B. ,Studer, W. and Bohni, H., Effect of organic coatings on 
water and chloride transport in reinforced concrete, Corr. & Corr. Prot. Of Stl. In Conc. 2, 
1017-1027 (1990). 
Hawkins, P. J., The use of surface coatings to minimize carbonation in the Middle 
East, Proceedings of 1st International Conference on Deterioration and Repair of Reinforced 
Concrete in the Arabian Gulf, Bahrain, 273-285 (1985). 
Kreijger, P. C., The skin of concrete. Composition and properties, Materials and. 
Structures 17, 100, 275-283 (1984). 
Li, Z., Chau,, C., New water permeability test scheme for concrete, ACI Materials 
Journal, January-February, 84-89 (2000). 
LNEC E 393, Evaluation of the water absorption by capillary suction, Lisbon, 
Portugal (in Portuguese)(1993). 
LNEC E 394, Evaluation of the water absorption by immersion. Atmospheric pressure 
test, Lisbon, Portugal (in Portuguese)(1993). 
LNEC E 395, Evaluation of the water absorption by immersion. Vacuum test, Lisbon, 
Portugal (in Portuguese)(1993). 
International Symposium Polymers in Concrete 
2 - 4 April 2006  
Guimarães, Portugal 
 
236 
Pfeifer, D.W., Scali, M.J., Concrete Sealers for Protection of Bridge Structures, 
Department of Transportation, NCHRP 244, Washington D.C., 138 p. (1981).  
RILEM Tentative Recommendation Nº. 11.2, Absorption of water by capillarity, 
National Inf. Service, Springfield, Virginia, 22161, (1974) 
Rodrigues, M. P. M. C., Costa, M. R. N., Mendes, A. M. and Marques, M. I. E., 
Effectiveness of surface coatings to protect reinforced concrete in marine environments, 
Materials and Structures, Vol. 33, 618-626, December (2000). 
Swamy, R. N., Suryavanshi, A. K. and Tanikawa, S., Protective ability of an 
acrylic-based surface coating system against chloride and carbonation penetration into 
concrete, ACI Materials Journal, March-April, 101-112 (1998). 
Swamy, R.N. and Tanikawa S., Surface coatings to preserve concrete durability, 
Proceedings of International Conference on Protection of Concrete, edited by R.K. Dhir and 
J. W. Green (E & FN Spon, London), 149-165 (1990). 
 
 
 
 
 
 
 
 
 
International Symposium Polymers in Concrete 
2 - 4 April 2006 
Guimarães, Portugal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 II
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ISBN 972-99179-1-4 
© Department of Civil Engineering – University of Minho 
 
All rights, including translation, reserved. Except as permitted by the Copyright, Designs and Patents Act 
1988, no part of this publication may be reproduced, stored in a retrieval system or transmitted in any 
form or by any means, electronic, mechanical, photocopying or otherwise, without the prior written 
permission of the editors; University of Minho, Department of Civil Engineering , Campus de Azurém, 
4800-058, Guimarães, Portugal. 
 
This book is published on the understanding that the authors are solely responsible for the statements 
made and opinions expressed in it and that its publication does not necessarily imply that such statements 
and/or opinions are or reflect the views or opinions of the editors. While every effort has been made to 
ensure that the statements made and the opinions expressed in this publication provide a safe and accurate 
guide, no liability or responsibility can be accepted in this respect by the authors or editors. 
 
Printed and bound in Portugal by Oficinas Gráficas de Barbosa & Xavier, Lda, Braga. 
 III
 
 
 
 
 
 
 
 
International Symposium Polymers in Concrete 
2 - 4 April 2006 
Guimarães, Portugal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Editors 
 
José Barroso de Aguiar 
Saíd Jalali 
Aires Camões 
Rui Miguel Ferreira 
 IV
 V
 
 
Contents 
 
 
Preface IX
International Scientific Committee X
Cooperating Organizations XI
Sponsors  XII
 
Keynote Papers XIII
Cement concrete and concrete-polymer composites: two merging worlds 
Van Gemert, D., Catholic University of Leuven, Belgium 
1
Essential concrete-polymer composite 
Czarnecki, L., Warsaw Technical University, Poland 
13
Behaviour of RC structures strengthened with CFRP under load test and thermal 
effects 
Juvandes, L.F., Silva, P.C., Figueiras, J.A., University of Porto, Portugal  
33
 
Session 1 47
Properties of polymer-modefied mortars using hardener-free resin with nitrite-
type hydrocalumite 
Ota, M., Ohama, Y., Tatematsu, H. 
49
Particulate composite materials with modulated mechanical properties 
Sandrolini, F., Manzi, S. 
61
Influence of the viscoelastic nature of the polymer concrete in its structural 
behaviour  
Tomás San-José, J., Aguado, A. 
69
Water-soluble polymers for modification of cement mortars  
Knapen, E., Van Gemert, D. 
85
 
Session 2 97
Concrete substrate evaluation and adhesion of repair materials 
Courard, L., Schwall, D., Garbacz, A., Piotrowski, T. 
99
Application of percolation theory for explaining of microstructure forming in 
polymer-cement concretes 
Lukowski, P. 
111
 VI
Effect of plastic reject and natural sand additions on the microstructure and 
mechanical behaviour of cellular concrete 
de Freitas, I.M., Allende, K.A., Darwish, F.A. 
119
Experimental analysis of cork as a concrete aggregate 
Branco, F.G., Tadeu, A., Reis, M.L. 
131
Study of the resistance to impact of light panels made with residue of expanded 
polystyrene 
Trindade, G. 
139
Different gradation influence of tire rubber scraps in the behavior of the high 
performance concrete 
Martins, I.R, Akasaki, J.L. 
149
 
Session 3 159
Core reinforced braided composite armour as a substitute to steel in concrete 
reinforcement  
Fangueiro, R., Sousa, G., de Araújo, M., Pereira, C.G., Jalali, S. 
161
Bond behaviour of polymer impregnated AR-Glass textile reinforcement in 
concrete 
Butler, M., Hempel, R., Schorn, H. 
173
Composite Improvement of Textile Reinforced Concrete by Polymeric 
Impregnation of the Textiles 
Dilthey, U., Schleser, M. 
185
Comparative study with alternative materials for manufacture of machine tool 
structures 
Ducatti, V.A., Santos, J.M., Lintz, R.C. 
193
Carbonation resistance of different concrete mixtures. Effect of the presence of 
coatings  
Rodrigues, P., Bettencourt, A. 
205
Mechanisms of blistering of coatings on concrete  
Wolff, L., Hailu, K., Raupach, M. 
213
Systems for superficial protection of concretes 
Moreira, P.M., Aguiar, J.B., Camões, A. 
225
UV Curing behaviour of a vinylester resin for concrete restoration 
Serrano, R., Maffezzoli, A., Tarzia, A., Stifani, C. 
237
 
Session 4 247
FRP Reinforcement for Damaged R/C Bridge Decks 
Aprile, A., Capuani, D. 
249 
CFRP-Based Confinement Strategies for Rc Columns-Experimental and 
Analytical Research  
Ferreira, D., Barros, J. 
261
 
 VII
Analysis of the design models suggested on Fib bulletin 14 related to the flexural 
strengthening of reinforced concrete elements by CFRP systems 
Bogas, J.A., Gomes, A. 
273
Prediction of durability of cold-curing epoxy resins: comparison between natural 
and artificial weathering 
Lettieri, M., Frigione, M., Stefanelli, M. 
285
Influence of moisture and moderate temperatures on the properties of polymer 
composite materials for concrete repair 
Frigione, M., Sciolti, M.S. 
297
An application of impact-echo and ultrasonic methods for repair efficiency 
assessment 
Garbacz, A. 
305
 
Session 5 317
Modelling the behaviour of the bonding of fibre reinforced concrete at the plate 
end 
Neto, P., Vinagre, J., Alfaiate, J. 
319
The study of the performance of present models for the concrete reinforced by 
CFRP sheets 
Nourivand, A., Majolan A.S., Sadeghi, C.A. 
331
Development of a ultrasonic system to monitor the mechanical properties of 
CFRP on concrete 
Luprano, V., Caretto, F., Tatì, A. 
341
Development of new casted-in-place water sealant materials 
Pereira, P.S., Bordado, J. C., Paula, R.F. 
355
Concrete workability and water resistance improvement using polymeric 
admixtures polymers 
Pires, P., Machado, A.V., Azevedo, I., Aguiar, J.L., Ferreira, R.M. 
367 
 
Strength and Chemical Resistance of Fiber Reinforced Concrete Based on 
Polybutadiene Matrix 
Borisov, Y., Potapov, Y., Panfilov, D., Figovsky, O.,  Beilin, D. 
383
Effect of the addition of synthetic fibers to concrete thin slabs on plastic 
shrinkage cracking  
Neto, A.B., Pelisser, F.,  da Silva, D., La Rovere, H.L.,  Pinto, R.C. 
393
Flexural strength of reinforced concrete beams repaired with Polymer-modified 
cementitious mortars  
Nsambu. R., Gomes. A. 
405
Impact resistance of single-span concrete frames reinforced by polypropylene 
fibers 
Nourivand A , Majolan A. S. , Abbasi S. 
417
Technical advances within maintenance and repair of concrete structures 
Azamirad, H., Beheshti zadeh, D., Taghizadeh, M. 
425
 
Author Index 435
 VIII
 
 
 
 IX
 
 
Preface 
 
 
The use of polymers and concrete can be considered a good combination. In 
some cases polymers are the best solution to increase some specific property of concrete 
and to guarantee a secure and durable repair of this material. The use of small quantities 
of polymers enhances the durability of concrete. This aspect is especially relevant to the 
development of the world and to contribute to the sustainability of construction 
materials. 
 Polymers in Concrete cover a vast field of knowledge and technology so it was 
decided to limit the scope of the Conference and to on a few aspects such as innovations 
in concrete polymer composites (CPC), the applications of FRP for reinforcements and 
CPC as coatings. Also considered were topics that covered: testing methods, industrial 
applications, ecological aspects, durability of repair works, repair of repair, polymer 
based industrial floor systems, research and case studies. It is hoped that the papers 
included in the Proceedings will in some way contribute to objectives of this 
Symposium. 
 All the papers included in the Proceedings have been reviewed by two 
specialists of the field of the paper concerned. I am very much grateful to all members 
of the International Scientific Committee who gave much of their time and effort in 
reviewing the papers. In some cases external experts were also included in the peer 
review of papers and I want to express my thanks to all of them. I would also to 
acknowledge the support given by all the sponsors of the Symposium. Organization of 
an International Symposium requires support from many people. I thank all those who 
have helped us, but my particular thanks go to Daniel Pinheiro, Lídia Gonçalves and 
Daniela Silva whose enthusiasm and help was a key element in the success of the 
Symposium. I would also like to than all the authors for their relevant contributions. 
Important contribution was also received from the students of the Civil Engineering 
Course. 
 If the work and ideas expressed in these papers have contributed in some way to 
further development of polymers in concrete, and consequently to sustainable 
construction, then our efforts have not been in vain. 
 
 
 
José Barroso de Aguiar 
Guimarães, April 2006  
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